Abstract. Forty seedlings from each of 14 open-pollinated families of Taxodium distichum (L.) Rich. from the southeastern United States, central Texas, and south Texas/Mexico were evaluated in the summer of 2005 for foliar chlorosis in a field situation with alkaline soil. The families from Mexico and south Texas had the lowest levels of chlorosis followed by those from central Texas and then those from the gulf coast. Height growth and trunk diameter were inversely related to chlorosis levels. Open-pollinated families from the gulf coast also had a significantly lower foliar manganese content on an alkaline field site compared with the western families. When selecting plant material for an alkaline site, genotypes from Mexico and south Texas should be preferred followed by central Texas genotypes.
Drought, salinity, and alkaline soils are common problems faced by many arborists, urban foresters, landscapers, and homeowners. Kelsey and Hootman (1990) found that many urban street tree planter soils could be classified as saline or sodic, soil types that usually occur in arid or semiarid areas with a higher evapotranspiration than precipitation rate. In many parts of the United States, drought and irrigation restrictions are becoming more common (Beeson et al., 2004) . The combination of these problems necessitates the selection and use of more adapted tree species and genotypes in urban areas.
Taxodium distichum is a widely adaptable tree species for landscape use, tolerating both wet and dry soils and air pollution (Cox and Leslie, 1988; Wasowski and Wasowski, 1997) . Watson (1983) reports tolerance to varying nutrient availability conditions, a wide range of soil aeration levels, and somewhat extreme pH levels. It is fast growing, has reliable feathery foliage, and a nice form (Arnold, 2002; Cox and Leslie, 1988) . Two varieties, T. distichum var. distichum (baldcypress) and T. distichum var. imbricarium (Nutt.) Croom (pondcypress), have good fall color in some areas, whereas T. distichum var. mexicana Gordon (Montezuma cypress) remains semievergreen (Arnold, 2002) . It is an extremely long-living tree with a lifespan of up to 700 years (Cox and Leslie, 1988) . All of these factors allow T. distichum to tolerate many environmental stresses, making this species a promising choice for urban landscapes. However, there are a few limitations to this species. Although it is tolerant of substantial soil salt levels, it tends to defoliate when leaves come into contact with saline irrigation water, develop chlorosis on sites with high pH soils, and ''brown out'' in periods of extended or severe drought (Arnold, 2002) . Arnold (2002) defines ecotypic variation as ''a distinct morphological or physiological form, or population, resulting from (natural) selection by a distinct ecological condition.'' It is the entire basis for provenance studies (Arnold, 2002) . Zobel and Talbert (1984) define a provenance as ''the original geographic area from which seed or other propagules were obtained'' and equate it to the concepts of geographic source and geographic race. They also present a more useful definition of the concept as ''a subdivision of a species consisting of genetically similar individuals, related by common descent, and occupying a particular territory to which it has become adapted through natural selection'' (Zobel and Talbert, 1984) . Provenances can be determined by numerous characteristics of the geographical origin, including latitude, altitude, precipitation, temperature, soil, and daylength (Zobel and Talbert, 1984) . The identification of adapted provenances allows industry professionals to more closely tailor their plant selections to specific situations and can offer ''the largest, cheapest and fastest gains'' in tree improvement programs seeking an improved product for use in difficult ecophysiographic situations (Zobel and Talbert, 1984) .
In forest management, the concept of seed source and provenance is widely recognized and used (Zobel and Talbert, 1984) . However, in landscape horticulture and urban forestry, it is less widely used (Arnold, 2002) . Some of the taxa studied in provenance research in this field include maple (Acer L.) spp. (St. Hilaire and Graves, 2001; Zwack et al., 1999) (Jull et al., 1999) , Amur maackia (Maackia amurensis Rupr.) (Pai and Graves, 1995) , and sycamore (Platanus occidentalis L.) (Shoemake, 1996; Shoemake and Arnold, 1997) .
The purpose of this study was to determine if there is a geographic basis for alkalinity tolerance in Taxodium distichum and to evaluate provenances in an effort to select those that could yield individuals that are most adaptable/tolerant to this environmental stress.
Materials and Methods
Fourteen open-pollinated families of Taxodium distichum were collected in the late summer and fall of 2003. Seeds from a single mother tree at several locations (Table  1 ; Fig. 1 was located at the Texas A&M Research and Extension Center at Dallas (USDA hardiness zone 8a/7b). The soil at the site is an Austin silty clay (fine-silty, carbonatic, thermic, Udorthentic Haplustoll), 1% to 3% slopes, and has a pH of 8.0. The trees were irrigated using T-Tape (T-Systems International, Inc., San Diego, CA) as needed and no additional fertilizer was added. Tree heights and trunk diameters were measured 15.24 cm above the soil surface at the time of planting and again in Dec. 2004 Dec. , 2005 Dec. , and 2006 . On 10 Aug. 2005, the seedlings were rated by the first author on the level of foliar chlorosis they were exhibiting. The ratings were done on a four-point scale: 1 = very chlorotic, 2 = slightly chlorotic, 3 = green, and 4 = very green.
Growth indices for both height and trunk diameter were calculated as follows: growth index = (new measure -previous measure)/ previous measure. This is analogous to relative growth rate calculations, except it is based on nondestructive measures rather than dry weights Height growth indices, trunk diameter growth indices, and leaf tissue nutrient contents were analyzed using univariate analysis in the GLM procedure and Pearson's correlation analysis in SPSS (version 12.0.2 for Windows; SPSS Inc., Chicago, IL). Chlorosis rating data were analyzed using c 2 analysis and Spearman's rho analysis. Hierarchical cluster analysis in SPSS using squared Euclidean distance and nearest-neighbor clustering based on both growth indices and the chlorosis rating data were used to generate dendrograms.
Results and Discussion
There was significant variation in the chlorosis and growth of open-pollinated families on the alkaline study site in Dallas, with open-pollinated families from the western portion of the range (central Texas and Mexico) performing better than those from the southeastern United States. The c 2 tests for chlorosis ratings and open-pollinated family were highly significant (P $ 0.0001). The percentage of individuals in a given open-pollinated family receiving each rating category indicated that families from Mexico and south Texas, which are T. distichum var. mexicana, generally had the most individuals with ''greener'' ratings (Fig. 2) . Eastern families tended to have the most individuals with the most chlorotic ratings, and the central Texas families were intermediate. This pattern was expected based on the general trend of increasing soil pH from east to west in the United States (Table 1) . No obvious change in chlorosis pattern was seen in 2006. Marcar et al. (2002) reported a similar trend in high pH tolerance of Eucalyptus camaldulensis Dehnh. provenances in Australia. They report that seedlings from localities with higher soil pH showed less growth reduction when grown in substrates with a pH of 9.5. A hierarchical cluster analysis based on chlorosis ratings for each family suggests the existence of three groups as well (Fig. 3) . However, growth data divide the families into just two groups (Figs. 4 and 5; Table 2 ). The trunk diameter growth index (R 2 = 0.795, P # 0.001) and height growth index (R 2 = 0.604, P # 0.001) differed significantly among families. The trunk diameter growth index was larger for the central and south Texas and Mexican families than those from more eastern sites (Fig.  4) . The same pattern exists for the height growth index (Fig. 5) . When chlorosis ratings and both growth indices are used in hierarchical cluster analysis, three clusters are still evident, although the central Texas families cluster more closely with the Mexican families than in analyses based on chlorosis alone (Fig. 6) . The biggest change in this cluster analysis is the inclusion of family TX8D in the cluster of Mexican and south Texas families (Fig. 6) . The noticeably ''greener'' ranking of family TX8D compared with other central Texas families (Fig. 2) likely accounts for this shift. A Spearman's rho correlation analysis indicates a strong relationship between open-pollinated family and chlorosis rating (R 2 = -0.753, P # 0.001) and chlorosis rating and both height growth index (R 2 = 0.526, P # 0.001) and trunk diameter growth index (R 2 = 0.598, P # 0.001). A Pearson's correlation analysis also indicates a relationship between openpollinated family and both height growth index (R 2 = -0.334, P # 0.001) and trunk diameter growth index (R 2 = -0.506, P # 0.001). Significant differences (P # 0.01) in leaf tissue nutrient concentrations were observed among open-pollinated families for nitrogen, phosphorus, potassium, zinc, copper, and manganese (Table 3) . Generally, the three slower-growing eastern open-pollinated families had higher foliar nutrient concentrations compared with the faster-growing western open-pollinated families. Dilution effects resulting from the rapid growth rate of the western families likely account for the lower concentrations relative to the slower-growing eastern families. A notable exception to this pattern is the leaf tissue manganese concentrations of the western open-pollinated families, which were higher compared with the eastern families. The more chlorotic ratings of the eastern families and the lower concentrations of manganese in leaf tissue suggest that the observed chlorosis may be associated with these differential manganese concentration.
This field study provided a reliable and efficient screening technique, allowing large numbers of plants to be evaluated in a ''realworld'' situation. This reliability and efficiency allowed for a clear illustration of the geographic component to alkalinity tolerance in Taxodium distichum. Interestingly, Wood et al. (1998) found a similar geographic pattern for zinc deficiency in pecan [Carya illinoinensis (Wangenh.) K. Koch] provenances. They found that Texas and Mexican provenances tended to cluster together, separate from sources north and east of Texas. Their results were surprising because it indicated that provenances from areas with more alkaline soils (Mexico and Texas) showed higher levels of zinc deficiency. They attributed this to differential growth rates, indicating that the faster growth of the Texas and Mexican provenances was causal rather than physiological use or uptake efficiency of zinc.
Several other authors have investigated the effect of provenance on environmental adaptability within a species. Zwack et al. (1999) and St. Hilaire and Graves (2001) found differences in drought tolerance of maple (Acer L.) spp. Jull et al. (1999) found that provenances of Atlantic whitecedar [Chamaecyparis thyoides (L.) B.S.P.] varied in heat tolerance. Provenance affected nitrogen fixation in Amur maackia (Maackia amurensis Rupr.) (Pai and Graves, 1995) . Provenances of sycamore (Platanus occidentalis L.) varied in root growth, establishment, and nursery performance (Shoemake, 1996; Shoemake and Arnold, 1997) .
Taxonomic ranking also seems to correlate with performance on an alkaline site. This is to be expected, because varietal status in this species has a strong geographic component . Genotypes from south Texas and Mexico all belong to T. distichum var. mexicana. All of the genotypes in central Texas are T. distichum var. distichum. The vast majority of the sampled eastern genotypes are also T. distichum var. distichum, the exception being family EP5I from the Fowl River in Alabama. This family was T. distichum var. imbricarium. Montezuma cypress seems to be more tolerant of an alkaline site than the other varieties. If this variety is excluded, and T. distichum var. distichum is considered alone, there is still a strong geographic component to the variation in tolerance of alkaline soils.
In conclusion, care should be taken to select genotypes from regions shown to yield tolerant individuals. When selecting plant material for an alkaline site, genotypes from Mexico and south Texas should be preferred followed by central Texas genotypes. The probable greater cold-hardiness of genotypes from central Texas based on their more northern latitudes may dictate their use in preference over the south Texas and Mexican genotypes on alkaline sites in colder regions. 
